Abstract The aim of our study was to evaluate the prognostic significance of blood transfusion on recurrence and survival in patients undergoing curative resections for colorectal cancer. Retrospective analysis of prospectively collected data of patients after elective resections for colorectal cancer between January 2001 and December 2009 was undertaken. The main endpoint was overall survival, disease-free survival, and recurrence rate. These data were evaluated in relation to blood transfusion (group A, no blood transfusion; group B, one to two blood transfusions; group C, three and more blood transfusions). A total of 583 patients met the criteria for inclusion in the study. Of these, 132 (22.6 %) patients received blood transfusion in the perioperative period. There were 83 (14.2 %) patients who received one or two blood transfusions and 49 (8.4 %) patients who required three or more transfusions. Patients with three or more transfusions had a significantly worse 5-year overall survival, disease-free survival, and increased incidence of distant recurrences in comparison with the group without transfusion or the group with one or two transfusions. Multivariate analysis showed that the application of three or more blood transfusions is an independent risk factor for overall survival (P 00.001; HR 2.158; 95 % CI 1.370-3.398), disease-free survival (P<0.001; HR 2.514; 95 % CI 1.648-3.836), and the incidence of distant recurrence (P<0.001; HR 2.902; 95 % CI 1.616-5.212). Application of three or more blood transfusions in patients operated for colorectal carcinoma is an adverse prognostic factor. Indications for blood transfusion should be carefully considered not only with regard to the risk of early complications, but also because of the possibility of compromising long-term results.
Introduction
Clinical evidence for the existence of transfusion associated immunomodulation has been available since 1973, when Opelz et al [1] provided evidence that recipients of allogenic blood transfusion had improved renal allograft survival. In 1981, Gantt [2] raised the question whether the immunomodulation induced by blood transfusion might also influence the prognosis of patients treated for malignancy. One year later, Burrows and Tartter [3] confirmed an association between allogenic blood transfusion and the incidence of recurrence in patients with colon cancer. Following these early reports, several other studies have been published in the literature with contradictory results. Some of these studies have shown an adverse effect of transfusion on the prognosis of patients with colorectal carcinoma [4] [5] [6] . Conversely, others have found no transfusion-dependent effect on survival and recurrence [7, 8] .
The exact mechanisms of the transfusion associated immunomodulation remain unclear. Allogenic white blood cells and inflammatory cytokines have been shown to increase suppressor T-cell activity and inhibit natural killer cell activity, depressed macrophage and monocyte phagocyte activity. Besides the impairment of immune surveillance of cancer cells, the growth factors released during blood storage may also be responsible for tumor recurrence [9] [10] [11] . However, most studies evaluating proposed mechanisms have been done in animal models, and these findings may not be applicable to the human immune system.
The aim of our study was to evaluate the prognostic significance of blood transfusion on recurrence and survival in patients undergoing curative resections for colorectal cancer.
Material and Methods
We conducted a retrospective analysis of prospectively collected data of patients after elective resections for colorectal cancer at the surgical clinic of University Hospital Ostrava between January 2001 and December 2009. The main endpoint was overall survival, disease-free survival, and incidence of recurrence. These data were evaluated in relation to blood transfusion (group A, no blood transfusion; group B, one to two blood transfusions; group C, three and more blood transfusions). Overall survival was defined as a time from surgery to death from any cause. Disease-free survival was defined as a time from surgery to a recurrence or death from any cause as the event of interest. Recurrences were classified as distant metastasis or as locoregional (tumor restricted to the region of primary operation). Indications for perioperative blood transfusion were made by the anesthesiologist or surgeon, depending on the hemodynamic status, age, comorbidity, and hemoglobin concentration, respecting principles of effective hemotherapy.
Patients with metastatic disease, previous malignant tumor in the past 5 years, emergency surgery, or lost to followup were excluded. Inasmuch as primarily long-term results were analyzed, patients dying within 30 days after surgery were also excluded from the study. Data on survival and recurrences were collected from medical records of the surgical or radiotherapeutic department of University Hospital Ostrava, National Cancer Registry, and eventually from general practitioners.
For statistical analysis, continuous variables were categorized and compared using chi-square test. Survival curves were constructed using the Kaplan-Meier method and compared with log-rank test. Analysis of predefined predictive factors of survival was performed. There was no significant difference in 5-year overall survival between patients in no transfusion group and group with one to two transfusions (P00.324). However, patients with three or more transfusions had a significantly worse five-year overall survival in comparison with patients with no transfusion (P<0.001) and with patients with one to two transfused units (P00.001). Similarly, a five-year diseasefree survival did not differ in patients with no transfusion and or patients with one to two transfusions (P00.764), but was significantly worse in patients when three or more units had been transfused (A vs. C P<0.001; B vs. C P <0.001) (Figs. 1 and 2, Table 2 ).
The five-year total cancer recurrence rate was significantly higher in patients with three or more transfusions in comparison with non-transfused and patients with one to two transfusions (A vs. C P<0.001; B vs. C P00.002). When recurrence was specified according to the site, the local recurrence rate was higher in patients with three or more transfusions; however, this difference did not reach statistical significance (A vs. C P00.204; B vs. C P00.714). The occurrence of distant metastases increased significantly when three or more units of blood had been transfused (A vs. C P00.001; B vs. C P00.002). Transfusion of one to two blood units was not associated with increased distant recurrence rate (A vs. B P00.630) (Figs. 3 and 4 and Table 2 ). 
Discussion
The question concerning the influence of perioperative blood transfusions on survival and incidence of recurrences of malignant diseases has not been clearly answered. Even though numerous studies have evaluated this subject, the results are contradictory in many respects. In our study, we found an independent and significant association between The exact mechanism leading to this detrimental effect is far from being elucidated. Allogenic leukocytes and inflammatory mediators released during blood storage are thought to play a key role in the transfusion-associated immunomodulation [9, 10] . However, neither leukocyte depletion nor transfusion of autologous blood favorably affects long-term oncological results. In a multicentric randomized trial, Lange et al [12] compared the use of leukocyte-depleted and buffy-coat-depleted blood and found no improvement in five-year overall survival, disease-free survival, and tumor recurrences in patients with gastrointestinal cancer. Similarly, van de Watering [13] and Skånberg [14] in other prospective randomized trials, designed specifically for colorectal cancer, showed no significant effect of leukocyte depletion on overall five-year survival and cancer recurrence. In all these studies, the prognosis of patients who received blood transfusion, regardless of their type, was significantly worse compared with non-transfused patients. Jagoditsch [7] in a retrospective analysis and Busch [15] in a multicentric randomized trial compared the effect of autologous-versus-allogenic transfusions on survival and incidence of relapses. The use of autologous blood transfusion was not associated with improved oncological results in comparison with red blood cells without buffy coat. In our study the type of blood transfusion was not evaluated. The reason for this was that in majority of patients allogenic transfusions were used. Autologous blood transfusions have rarely been possible in patients with colorectal cancer because they are often anemic preoperatively. Leucodepleted blood transfusions were indicated in selected patients especially to prevent serious transfusion reactions and reduce the risk of infection transmission and alloimmunization.
In a meta-analysis, Amato and Pescatori [4] showed that recurrences were more likely in transfused patients, regardless of their timing and the type of blood product used. This review estimated that increased risks were observed with increased number of transfused units: one to two units showed an odd ratio of 1.48, which became 1.72 for three to four units and 1.92 for five and more units. In 2006, these same authors presented an updated meta-analysis with similar results [16] . However, conclusions of presented metaanalyses are limited due to significant heterogeneity of the included studies. In our study, cutoff value of two blood units was used for the analysis of dose-related effect. This cutoff was defined according to median number of blood units used in transfused patients. Transfusion of one to two blood units was proved to be oncologically safe, neither compromising survival nor occurrence of recurrences. In addition to the amount of transfused blood units, longterm prognosis may be affected by circumstances under which they are applied. Miki et al [17] reported that preoperative blood transfusion for correcting anemia was not associated with survival, whereas intraoperative blood transfusion due to excessive blood loss affected long-term prognosis. Blood transfusion under intense surgical stress synergistically exaggerates postoperative systemic inflammatory response, which may have effect on minimal residual disease in resected cancer patients. Similarly, development of postoperative infectious complications is also associated with enhanced systemic induction of inflammatory cytokines. Mynster et al [18] shows that a combination of perioperative blood transfusion and subsequent development of postoperative infectious complications may be associated with a poor long-term prognosis in patients after potentially curative resections for colorectal cancer.
Blood storage time may be another significant factor associated with impaired survival and higher cancer recurrence rate. Even in this regard, results of published studies have been contradictory. Evidence has suggested that bioactive substances are accumulated extracellularly during storage of blood, in particular angiogenesis-stimulating factors, such as vascular endothelial growth factor (VEGF) [19] . Patel et al [11] demonstrated a significant posttransfusion increase in the proangiogenic VEGF and a significant decrease in the antiangiogenic factor endostatin. This angiogenic factor imbalance was associated with enhanced in vitro angiogenesis. However, Edna and Bjerkeset [6] failed to find any relationship between the time of blood storage and long-term prognosis. On the other hand, Mynster et al [20] showed that buffy-coat-depleted red cells stored for less than 21 day could be an independent risk factor for cancer recurrence, while blood stored more than 21 days had insignificant effect on the risk of recurrence. However, the results of these studies are difficult to compare because of the significant differences in their methodology. The main difference lies in how the blood storage time was determined in patients who received more than one transfusion. While the first of these studies used mean and median storage time, in the second study, the blood unit with the longest duration of storage was selected as the time representing blood storage.
From a surgical point of view, an effort to minimize perioperative blood loss represents principal measure to reduce the need for blood transfusion. Rates of perioperative blood transfusions ranging from 20 to 70 % have been reported in patients undergoing colorectal resection for cancer [7] . In our study, the overall transfusion rate was 22.6 %. This relatively low transfusion rate may be associated with a high proportion (60.5 %) of surgeries performed laparoscopically. Surgical blood loss is one of the most significant perioperative predictors of patient outcome, but represents a rather neglected quality indicator [21] . Adequate surgical technique can reduce the need for transfusions. In this regard, minimally invasive approach, that is generally associated with lower perioperative blood loss, represents the method of choice.
Conclusions
Our study showed that transfusion of three and more units of blood in patients undergoing surgical treatment of colorectal cancer was significantly associated with poor long-term outcome. At present, the exact mechanisms of this deleterious effect are not known, but both immunomodulation and growth-regulating, leukocyte-derived bioactive substances accumulated extracellularly during storage of blood may play certain roles. Indications for blood transfusions should be carefully considered with regard to the possibility of compromising long-term results. Perioperative approaches to minimize blood loss are of paramount importance.
